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Today’s Discussion 

• p-n junctions are not just rectifiers! 

• Review of optoelectronic devices (part 1) 

– Illuminated Junction 

– Solar Cells 

– Photodetectors 

 

2 



Exercise (from previous class) 

• Consider an abrupt p-n junction with cross-sectional 
area A = 1 mm2 at T = 300K, with: 

 

 

 
 

 

• Find the reverse saturation current (done earlier) 

• Find the junction (depletion) capacitance at −𝟓𝑽  
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p-side n-side 

𝑁𝐴 = 1016cm−3 𝑁𝐷 = 1018cm−3 

𝜇𝑝 = 370cm2/Vs 𝜇𝑛 = 550cm2/Vs 

𝜇𝑛 = 1,000cm2/Vs 𝜇𝑝 = 150cm2/Vs 

𝜏𝑛 = 1.0 𝜇s 𝜏𝑝 = 1.0 𝜇s 



Exercise (now calculate capacitance) 

• Capacitance at −𝟓𝑽 
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𝑉0 =
𝑘𝐵𝑇

𝑞
ln
𝑝𝑝
𝑝𝑛

= 0.0259 × ln
1016

2.25 × 102
= 0.8139 V 

One-sided p-n+ junction 

𝐶𝑗 = 𝜖𝐴
𝑞

2𝜖 𝑉0 − 𝑉
 
𝑁𝐷𝑁𝐴

𝑁𝐴 +𝑁𝐷
= 𝜖𝐴

𝑞𝑁𝐴
2 𝑉0 − 𝑉

 

= 8.85 × 10−14 × 11.8 × 10−2
1.6 × 10−19 × 1016

2(0.8139 + 5)

= 1.199 × 10−10 F 



p-n junctions are not just rectifiers! 

• Besides rectifiers and capacitors, specialized 
p-n junction structures make 
 

– Solid state lasers 

– Light emitting diodes (LED) 

– Photodetectors 

– Solar cells  

– and even microwave amplifiers (tunnel diode, 
see next)  
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EXTRA – Tunnel diode (Esaki, Nobel Prize 1973) 

• Very heavily doped on both sides 
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𝐼 

𝑉 

Regular diode 

behavior 

Tunnelling 

behavior 

Negative 

differential 

resistance 



diffusion 

Thermal generation 
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𝑊 𝐿𝑛 𝐿𝑝 

Minority carriers generated thermally within a diffusion length 
on each side of the depletion region are swept to the other side 
by the field.  

diffusion 

drift 

drift 



Optoelectronics devices - Photodiode 

• Illuminated junction 

8 



Optoelectronics devices - Photodiode 

• Illuminated junction 
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ℎ > 𝐸𝑔 

Carriers generated optically in 
the depletion region and in 
the adjacent diffusion lengths 
are also separated by the 
junction field. 

 

𝐼𝑜𝑝 = 𝑞𝐴𝑔𝑜𝑝 𝐿𝑝 + 𝐿𝑛 +𝑊  



Photodiode current 
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𝐼 = 𝐼0 exp
𝑞𝑉

𝑘𝐵𝑇
− 1 − 𝐼𝑜𝑝 

𝐼 = 𝑞𝐴
𝐿𝑝
𝜏𝑝

𝑝𝑛 +
𝐿𝑛
𝜏𝑛

𝑛𝑝 exp
𝑞𝑉

𝑘𝐵𝑇
− 1  

 
−𝑞𝐴𝑔𝑜𝑝 𝐿𝑝 + 𝐿𝑛 +𝑊  



Note:   𝐿𝑝 = 𝐷𝑝𝜏𝑝   and 𝐿𝑛 = 𝐷𝑛𝜏𝑛  
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𝐼0 =
𝐷𝑝

𝐿𝑝
𝑝𝑛 +

𝐷𝑛

𝐿𝑛
𝑛𝑝 

=
𝐷𝑝

𝐷𝑝𝜏𝑝
𝑝𝑛 +

𝐷𝑛

𝐷𝑛𝜏𝑛
𝑛𝑝 

 

=
𝐿𝑝

𝜏𝑝
𝑝𝑛 +

𝐿𝑛

𝜏𝑛
𝑛𝑝 



Photodiode – Photoconductive mode (reverse bias) 
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Photodiode – Photoconductive mode (reverse bias) 
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Photodiode voltage – Photovoltaic mode  
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Photodiode voltage  
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Photodiode voltage  
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If 𝑔𝑜𝑝 ≫ 𝑔𝑡ℎ 



Open circuit voltage 
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Limit to 𝑞𝑉𝑜𝑐 is the contact potential 𝑞𝑉𝑜 



Operation of illuminated junction 
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Remember: 

19 

+ 

_ 

𝑰 

𝑽 + 

_ 

𝑰 

𝑽 

Element provides power 

(source) 

Element consumes power 

(e.g., resistive) 



Solar cell – photovoltaic mode 
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NOTE: you may find this diagram plotted either way 
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Maximum power requires optimal load 
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Low resistance 

(low power) 

High resistance 

(low power) 

Optimal load 

(maximum power) 



Solar cell - Example 
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Photodetectors 
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Photodetectors 

25 



p-i-n photodetector 
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p-i-n photodetector 
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𝑭𝒑 

𝑭𝒏 

Space charge depletion layers 

Constant high field region 



Avalanche Photodiode (APD) 
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Avalanche Photodiode (APD) 
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Quantum Efficiency 
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